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Final Report 

2005 Coincidence Factor Study

1 Executive Summary

This report describes the analytical results and conclusions for the two analytical base bid Tasks 1 and 4 of the United Illuminating Company (UI) and Connecticut Light and Power Company (CL&P) (the Companies) 2005 Coincidence Factor Study.  Following review of the results of these tasks, it was decided that other optional tasks would not be necessary.

Task 1 involved two primary functions, one of searching the extensive collection of on-site logging and end-use metering files obtained by RLW over the past several years for applicable load shapes, and the other of searching the internet for reports and papers that address the issue of coincidence factors directly or indirectly.

After some clarification through an early project meeting and subsequent telephone conversations with utility program staff, RLW was able to identify the overlapping measures among the C&I programs and group them into the following specific and unique measure categories:

· Lighting fixtures

· Lighting occupancy sensors

· Unitary AC

· Unitary heat pumps

· Water and ground source heat pumps

· Dual enthalpy controls

· HVAC: VFD

· High/Premium efficiency and ECM motors

· Dry type transformers

Based on available data and observations regarding the effects of occupancy sensors on CF, RLW subdivided the lighting measure, while still maintaining the desired precision.  Following the preliminary data collection and analyses, the project staff decided to subdivide the HVAC: VFD measure, with the resulting loss of precision, due to the fact that different applications were known to yield significantly different coincidence factors.

The list of measures not fully analyzed in this study due to lack of existing data is as follows:

· Unitary heat pumps

· Water and ground source heat pumps

· Dual enthalpy controls

· Dry type transformers

The section entitled “Comments on Measures not Fully Evaluated” on page 22 offers some insights into demand reductions and coincidence factors for these measures.

It was difficult to define the summer and winter utility peak demand windows to the satisfaction of the two utility companies and the ISO simultaneously, so numerous peak window definitions were analyzed in this study.  The complete list of these is as follows:

· Average Summer Peak: average weekday from 1-5 PM throughout June, July and August.

· Average Winter Peak: average weekday from 5-7 PM throughout December, January and February.

· 4 Hour Summer Peak: “Hottest” weekday from 1-5 PM throughout June, July and August.

· 2 Hour Extreme Summer Peak: “Hottest” weekday from 3-5 PM throughout June, July and August.

· 2 Hour Extreme Winter Peak: “Coldest” weekday from 5-7 PM throughout December and February.

· ISO Average Summer Peak: average weekday from 1-5 PM throughout July and August only.

· ISO 4 Hour Summer Peak: “Hottest” weekday from 1-5 PM throughout July and August only.

It was anticipated that the ISO may reduce the summer months over which the average and peak CF are calculated to July and August only.  Therefore, RLW examined the impact of this change in this study.  These periods are defined by the last two bullets above.

The hottest and coldest days are defined as follows:

· “Hottest” means the weekday during which the average of the enthalpies within the 4-hour summer peak window is the highest.

· “Coldest” means the weekday during which the average of the two temperatures within the 2-hour winter peak window is the lowest.

These two extreme days apply to all weather-sensitive measures, but have no direct meaning for non-weather sensitive measures like lighting.  Hence, the seasonal averages of the weekdays for lighting yield the same CF as those of the “Hottest” and “Coldest” days during the same two or four hour daily windows of coincidence.

Coincidence factors are defined in this study as the fractions of the connected (or rated) load (based on actual lighting Watts, motor nameplate horsepower and efficiency, AC rated capacity and efficiency, etc.) reductions that actually occur during each of the seasonal demand windows.  They are the ratio of the demand reductions during the coincident windows to the connected load reductions.  Under this definition other issues such as diversity and load factor are automatically accounted for, and only the coincidence factor will be necessary to determine coincident demand reductions from readily observable equipment nameplate (rated) information.  In other words, coincident demand reduction will simply be the product of the coincidence factor and the connected equipment load kW reduction.

The original scope of Task 1 was directed at program measures, as listed above, but in recognition of the fact that some of these measures performed very differently from one application to another and/or from one facility to another, RLW decided to explore these measures in more detail.  As a result, lighting and occupancy sensors were subdivided by building type and HVAC measures were subdivided by application.  RLW found enough lighting logger profiles (1095) to maintain the 10% precision for 10 different building types without occupancy sensors.  On the other hand, RLW could identify only 76 suitable HVAC and motor measure profiles, and the error bounds on the resulting seven subcategories of measures exceeded 10%, with the exception of efficient motors for cooling applications.

1.1 Commercial Lighting Coincidence Factor Analyses

To summarize the Task 1 lighting coincidence factor analysis results, the following table shows CF for savings due to uncontrolled and occupancy sensor controlled lighting fixtures for all building types except schools, then all schools and all buildings combined.
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This is a copy of Table 4:  Coincidence Factor Summary Table for Lighting Savings, in the body of this report.

Coincidence factors for the table above were calculated by first averaging the appropriate groups of 24-hour logger profiles by hour to create an average hourly load profile for each group.  Then the 4-hour or 2-hour peak windows of each average profile were averaged to calculate the respective CF.  For the occupancy sensor savings CF the averaged load shapes for each group were the savings load shapes, and not simply the post-retrofit logger profiles.  These logger profiles were not sorted by season of the year because these are non-weather sensitive loads.  A more recent school database, however, contained significant numbers of both summer and winter season logger profiles, and RLW utilized these to derive adjustment factors to account for the seasonal differences in occupancy schedules that are typical of schools.

As an addendum to this study, RLW was asked to examine the results of demand-averaging logger data for two important building types, hospitals and office buildings.  These building types are assumed to operate the same throughout the year with little or no seasonal variation.

The results of this analysis are described in the addendum at the end of this report, and the summary table is Table 8:  Summary of Weighting Results for Hospital and Office Buildings.  Results indicate that logger kW weighted averages yield slightly higher CF for both building types.  Summer peak day CF for hospitals (0.71) is 1.18 times that of the simple average result (0.60).  Similarly, for offices, the increase is 1.15 (0.75 / 0.65).

RLW recommends that the higher CF results be applied to these building types for estimating coincident conservation program demand peak reductions, but that the simple average results for the other building types be kept.  The results of this study represent the averages of what happened due to lighting conservation retrofits over the past several years, but do not necessarily represent with accuracy what may happen with future program participants.

On the other hand, they are grounded in measured data, and, therefore, represent the best estimates that are currently available.  If past program trends with regard to the mixes of buildings and spaces that are retrofitted with high efficiency lighting fixtures continue, these results will continue to be reliable.  

1.2 Commercial Non-Lighting Measure Coincidence Factor Analyses

The non-lighting coincidence factors of this study are based on savings, and not usage load profiles, whenever these load profiles differ.  In the case of unitary AC and efficient motors (as with uncontrolled lighting fixtures), the usage and savings load profiles are nearly proportional, reflecting only changes in operating efficiencies.

With the lighting occupancy sensors and VFD measures, the applicable load profiles had to be based on hourly savings because these are not proportional to hourly usage.  Hence, the applicable load profiles for this study came from project evaluations that utilized metered post-installation data and estimated baseline equipment operating loads to calculate hourly demand reductions for the CF analyses.

In the following table, HVAC: VFD has been subdivided into VFD Pumps (Cooling and Other) and Fans (AHU and CT) because of significant differences observed in their respective coincidence factors.  The results of combining all VFDs, however, are also included in the table.

Efficient Motors for all projects were subdivided between cooling and heating applications due to the extreme differences in their summer and winter coincidence factors.
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This is a copy of Table 5:  Coincidence Factor Summary Table for Non-Lighting Savings, in the body of this report.

The “Count of load profiles” (row 1) do not reliably represent relative proportions of these measures in any program mix of projects, because many of the projects done by RLW over the past few years employed bin table analyses or other approaches that did not provide useful load shapes for this study.  A total of 76 applicable load profiles were found and processed for this study.

1.3 Residential Measure Coincidence Factor Analyses

Task 4 involved a search for end-use metered data on residential air-conditioning, as well as a search for single family housing characteristics and demographics for the state of Connecticut.  With this information RLW created and executed DOE2.1E models to calculate the desired hourly impact load shapes for SEER 14 central AC units and Energy Star room AC units.
Two types of AC systems were analyzed, a central system with distribution ductwork, and individual room (or window) units.  The impact CF for the central AC system were based on a baseline efficiency of SEER 11 and a high efficiency unit with an SEER of 14.  Results of this system are shown in the next table, with the more important summer and winter extreme day coincidence factors highlighted in bold text.  Parameters that are shown in the upper (2 hour peak window) section of the table that are not shown in the lower (4 hour window) section do not change.  The upper table includes the connected load kW and the maximum annual hourly kW demand of the AC system.

RLW did not calculate CF for the blank (gray) cells, but they are theoretically the same as the savings CF.
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Connected Load kW 3.80 3.09 0.71

Maximum Annual Load kW 2.87 2.34 0.54

Summer Coinc. Load kW 2.85 2.32 0.53

Summer "Hottest Day" CF 0.75 0.75 0.75

Avg. 2 Hr CF, June-August. 0.27

Avg. 2 Hr CF, July-August. 0.33

Winter Coinc. Load kW 0.05 0.05 0.00

Winter "Coldest Day" CF

0.01 0.02 0.00

Avg. 2 Hr CF, Dec - Feb 0.00

2 Hr Extreme Peaks, Summer 3-5 PM, Winter 5-7PM
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Summer Coinc. Load kW 2.73 2.22 0.51

Summer "Hottest Day" CF 0.72 0.72 0.72

Avg. 4 Hr CF, June-August. 0.24

Avg. 4 Hr CF, July-August. 0.29

4 Hr Summer Peak = 1-5 PM


This is a copy of Table 6:  Summary Table for Residential SEER 14 AC Savings, in the body of this report.

The savings CF for the individual room or window AC units were based on a baseline efficiency of EER 8.2 and an Energy Star efficiency of EER 9.7.  Results are shown in the following table, which is a copy of Table 7:  Summary Table for Residential Window AC Savings, in the body of this report.

The significant increase in window unit CF over central system CF is due to the fact that window units are, on average, not oversized as much, so they tend to operate longer, yielding flatter hourly usage and savings load profiles.  This leads to higher CF.
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Connected Load kW 3.31 2.79 0.52

Maximum Annual Load kW 2.94 2.48 0.46

Summer Coinc. Load kW 2.93 2.47 0.46

Summer "Hottest Day" CF 0.89 0.89 0.89

Avg. 2 Hr CF, June-August. 0.33

Avg. 2 Hr CF, July-August. 0.40

Winter Coinc. Load kW 0.04 0.04 0.00

Winter "Coldest Day" CF

0.01 0.02 0.00

Avg. 2 Hr CF, Dec - Feb 0.00

2 Hr Extreme Peaks, Summer 3-5 PM, Winter 5-7PM
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Summer Coinc. Load kW 2.87 2.42 0.45

Summer "Hottest Day" CF 0.87 0.87 0.88

Avg. 4 Hr CF, June-August. 0.32

Avg. 4 Hr CF, July-August. 0.39

4 Hr Summer Peak = 1-5 PM


This is a copy of Table 7:  Summary Table for Residential Window AC Savings, in the body of this report.

2 Introduction

2.1 Primary Goals and Objectives

A primary goal of this task was to combine enough load shapes for each measure to obtain the average summer extreme peak coincidence factor with a statistical precision of at least 10% at a confidence level of 90%.

Task 1 involved two primary functions; that of searching the extensive collection of on-site logging and end-use metering files obtained by RLW over the past several years for applicable load shapes, and that of searching the internet for reports and papers that address the issue of coincidence factors directly or indirectly.

Task 4 involved a similar search for end-use metered data on residential air-conditioning, as well as a search for housing characteristics and demographics for the state of Connecticut.  With this information RLW created and executed DOE2.1E models to calculate the desired hourly impact load shapes for SEER 14 AC units and Energy Star room AC units.
2.2 Programs and Measures

This analysis focused on the measures installed under the C&I new construction and retrofit and residential programs, as listed in the project RFP and again here:

Lost Opportunity Programs, including UI’s Energy Blueprint (EB) Program and CL&P’s Energy Conscious Construction (ECC) Program:

· Standard Lighting

· Cooling: Unitary AC & Heat Pumps

· Cooling: Water & Ground Source Heat Pumps

· Cooling: Dual Enthalpy Controls

· C&I LO Motors

· HVAC: VFD

· Dry Type Transformers 

Retrofit Programs, including UI’s Energy Opportunities (EO) Program, CL&P’s Express Services Program and CL&P’s Custom Services Program:

· Standard Lighting

· Cooling: HVAC

· Custom Lighting (Process Driven)

· Custom Motors (Process Driven)

· Custom HVAC: VFD (Process Driven)

Residential Programs:

· SEER 14 Min AC

· Room AC Units
After some clarification through an early project meeting and subsequent telephone conversations with utility program staff, RLW was able to identify the overlapping measures among the C&I programs and group them into the following specific and unique measure categories:

· Lighting fixtures

· Lighting occupancy sensors

· Unitary AC

· Unitary heat pumps

· Water and ground source heat pumps

· Dual enthalpy controls

· HVAC: VFD

· High/Premium efficiency and ECM motors

· Dry type transformers

Following the preliminary data collection and analyses, the project staff decided to subdivide the HVAC: VFD measure, recognizing a loss of precision, due to the fact that different applications were known to yield significantly different coincidence factors.

3 Evaluation Objectives and Scope of Work

The defining objective of this study was to develop new and/or revised coincidence factors that can be used to update selected measure sheets within the Companies’ Program Savings Document (PSD).
Toward the accomplishment of this objective, RLW and utility program staff worked together to clarify the definitions of the summer and winter utility peak windows to be as follows:

· Average Summer Peak: average weekday from 1-5 PM throughout June, July and August.

· Average Winter Peak: average weekday from 5-7 PM throughout December, January and February.

· 4 Hour Summer Peak: “Hottest” weekday from 1-5 PM throughout June, July and August.

· 2 Hour Extreme Summer Peak: “Hottest” weekday from 3-5 PM throughout June, July and August.

· 2 Hour Extreme Winter Peak: “Coldest” weekday from 5-7 PM throughout December and February.

· ISO Average Summer Peak: average weekday from 1-5 PM throughout July and August.

· ISO 4 Hour Summer Peak: “Hottest” weekday from 1-5 PM throughout July and August.

It was anticipated that the ISO may reduce the summer months over which the average and peak CF are calculated to July and August.  Therefore, RLW examined the impact of this change in this study.  These periods are defined by the last two bullets above.  Parenthetically, the ISO was also interested in extending the period during which the “Hottest” day might occur to include June, but with TMY2 weather data, this day occurred in August, which is included in both ranges of months.

The hottest and coldest days are defined as follows:

· “Hottest” means the weekday during which the average of the enthalpies within the 4-hour summer peak window is the highest.

· “Coldest” means the weekday during which the average of the two temperatures within the 2-hour winter peak window is the lowest.

Coincidence factors are defined herein as the fractions of the connected load (based on actual lighting Watts, motor nameplate horsepower and efficiency, AC rated capacity and efficiency, etc.) reductions that actually occur during each of the seasonal peak windows.  Under this definition other issues such as diversity and load factor are automatically accounted for, and only the coincidence factor will be necessary to determine coincident demand reductions from readily observable equipment rated information.  In other words, demand reductions will simply be the products of these coincidence factors and the connected equipment load kW reductions, as calculated from nameplate or equipment rating data.

Connected load differs from “peak” load whenever a piece of equipment operates for a full year without ever being fully loaded, so that the “peak” load is usually less than the rated load.  In many contexts the ratio of annual peak load to connected load is referred to as an annual diversity factor.  When CF are defined by connected load, which is constant over time, it is not necessary to know or calculate the diversity factor.

The weather variables, along with the coincident dates and times, were based on Hartford TMY2 hourly weather data, which is the most representative and comprehensive typical hourly weather data currently available for both CL&P and UI.

4 Task Description and Methodology

This section provides detailed information on the execution of Tasks 1 and 4. 

Task 1: C&I Secondary Data Search and Review

The performance of this task was based primarily on historical logger and impact evaluation data collected through past evaluations for the Companies, as well as other utilities serving Connecticut, Massachusetts and Rhode Island.  Additionally, secondary internet research was performed to locate reports, papers and other sources of information throughout the northern half of the United States that might quantify coincidence factors or hourly load shapes for these measures.

RLW reviewed all of the logger and impact load shape data that were available from these past evaluations.  The measures were then binned into the unique measure categories listed above and individual measure data were grouped and averaged to inform the results of this task.  The formula below illustrates how the logger data were used to calculate the summer and winter peak coincidence factors for each load shape.


[image: image9.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

connkW

peakhrs

CE

CF

*


where,

CF = Coincidence factor (coincident with the various system peak windows),

CE = Coincident energy: Total kWh of the measure loads during the system peak windows, a.k.a. “coincident peak window energy”.

peakhrs = Number of hours in the system peak window,

connkW = Total “connected” kW (rated full load, as determined from nameplate data) of the equipment being measured.

The number of load shapes needed to achieve 90% ±10% precision at the measure level is calculated using the following formula:
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where,

n = sample size

z = 1.645 at the 90% confidence interval

cv = coefficient of variation of the target variable (standard deviation / mean)

D = desired relative precision = 0.10 

Since the number of load shapes available for this analysis could not be predicted, RLW attempted to identify enough applicable load shapes to obtain the desired precision and calculate the actual coefficient of variation (Cv) of the resulting coincidence factors.  From these, the statistical precisions were calculated by utilizing the resulting sample size “n” and solving the function for “D”. 

All of the measures had different coincidence factors in different applications, and the Cv for many of these was high, resulting in error bounds greater than the desired 10%.  Lighting proved to be the most satisfying measure, because of the abundance of lighting logger profiles.  This was not the case for the non-lighting measures, however, and these will be discussed separately in this report.

Lighting Coincidence Factors

The number of weekday hourly load profiles for lighting fixtures and occupancy sensors (expressed as percent on time per hour) was significant, leading to overall precisions of about 3% to 10% at the 90% confidence level.  In fact, RLW subdivided the lighting fixture data into as many general building types as the data could reliably support with reasonable precision (around 10%).

The following table shows the results of the lighting analysis by general building type, as well as schools, all except schools and all types combined.  The second column shows the count of logger profiles that were found and utilized for each building type.

The third column shows the maximum hourly on time for the average profile for each building type.  These maxima are, by definition, the weekday diversity factors for the installed lighting fixtures.
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Building Type Count Max. Use CF, Sumr CF, Wintr Cv, Sumr % Error

Grocery 31 98% 0.96 0.75 0.12 3.4%

Manufacturing 109 84% 0.75 0.44 0.39 6.2%

Hospital 109 66% 0.63 0.48 0.53 8.3%

Office 215 74% 0.70 0.49 0.48 5.4%

Other 141 63% 0.56 0.47 0.63 8.7%

Retail 81 96% 0.92 0.73 0.19 3.4%

University/College 81 72% 0.66 0.50 0.50 9.2%

Warehouse 43 84% 0.77 0.47 0.32 8.1%

All Exc. Sch. 810 76% 0.71 0.51 0.46 2.7%

School, Elem 131 74% 0.39 0.40 0.43 6.1%

School, High 154 87% 0.51 0.51 0.44 5.9%

All Schools 285 81% 0.46 0.46 0.44 4.3%

All Buildings 1095 77% 0.64 0.50 0.46 2.3%
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Building Type Count Max. Use CF, Sumr CF, Wintr Cv, Sumr % Error

Grocery 31 98% 0.95 0.75 0.13 3.9%

Manufacturing 109 84% 0.68 0.44 0.47 7.5%

Hospital 109 66% 0.60 0.48 0.57 8.9%

Office 215 74% 0.67 0.49 0.53 5.9%

Other 141 63% 0.55 0.47 0.67 9.3%

Retail 81 96% 0.89 0.73 0.23 4.3%

University/College 81 72% 0.63 0.50 0.55 10.1%

Warehouse 43 84% 0.72 0.47 0.39 9.9%

All Exc. Sch. 810 76% 0.67 0.51 0.51 3.0%

School, Elem 131 74% 0.32 0.40 0.62 8.9%

School, High 154 87% 0.41 0.51 0.71 9.4%

All Schools 285 81% 0.37 0.46 0.67 6.5%

All Buildings 1095 77% 0.59 0.50 0.56 2.8%


Table 1:  Lighting Results for All Logger Profiles

The next two columns show the coincidence factors (CF) for the summer and winter peak windows.  The 4 Hr Summer Peak CF is the average percent on time for 1-5 PM on the average weekday divided by 100%.  The winter CF is defined the same way, except the hours are 5-7 PM.  The CF are consistently lower than the diversity factors (“Max. Use”) because they include the diversity.  Note that there is no “Hottest” or “Coldest” day to consider because lighting is not a weather-sensitive load.

The last two columns show the coefficient of variation (Cv) of the summer CF and the resulting statistical error bound based on the sample count for each building type.  The desired error bound of 10% is satisfied for all building types in the upper table, but the University/College building type results are slightly over the 10% error threshold in the 2-hour table.

As predicted by the utility project managers, the 4 hour summer CF for schools (“All Schools”), at 0.46, is lower than all the other building types, and significantly lower than the average of the other types (“All Exc. Sch.”), at 0.71.  It is no surprise that CF for Grocery and Retail buildings are significantly higher than the other building types because these tend to remain open for business a few hours longer than the others.

In the next chart it is easy to see how these building types perform during the average weekdays.  The peak hourly loads, whenever they occur, represent diversity, and the hourly loads during the coincident peak hours represent coincidence factors.  The summer coincident window is 1-5 PM (hours 14 through 17), and winter coincidence, at 5-7 PM, covers hours 18 and 19.  Grocery and Retail buildings have the highest diversity factors (above 95%), and their lights tend to stay on later, yielding the highest CF as well.
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Figure 1:  Hourly Lighting Profiles from All Loggers

School diversity factors are near the middle, at about 80%, but their CF are low because their lights are typically being turned off earlier.  It is clear in the graph how coincidence factors are affected by both diversity and timing.  The 80% diversity factor is an average for all available school profiles, but it is understood that school lighting is typically underutilized during the summer months.  This is particularly true for elementary schools.

To roughly quantify the magnitude of this effect, RLW looked at the results of another school database of about 800 school lighting profiles for fixtures without occupancy sensors.  In this database, enough annual logger data were available to clearly differentiate between summer and winter lighting usage patterns.  From those results it was found that a CF adjustment factor of 1.26 would account for the summer/winter diversity difference for high schools.

If the winter CF of the available lighting profiles is multiplied by 1.26 and the summer CF is divided by 1.26, the adjusted CFs would reflect the actual difference in lighting diversity.  Hence, the 4 hour summer CF for high schools became 0.51, and the winter CF also became 0.51.

For elementary schools the diversity difference was significantly greater, yielding an adjustment factor of 1.51 from the school database, so that the 4 hour summer CF became 0.39 and the winter CF became 0.40.  Clearly, the difference in lighting usage (diversity) between winter and summer is occurring before the summer and winter coincident windows of time.

RLW was able to identify a significant number of spaces where occupancy sensors were installed, but most of the logger data came from uncontrolled lighting fixtures.  For all buildings except schools, about 18% of the logger profiles were under the influence of occupancy sensors.  This is probably representative of the percent of lighting fixtures that have been retrofitted with occupancy sensors over the last few years of conservation program activity because RLW has always attempted to obtain logger samples that are representative of all fixtures and occupancy sensors installed in the programs that we performed evaluations for.

For schools, the fraction with occupancy sensors is nearer to 15%.  There were 285 school profiles, of which 42 were controlled.

The next table summarizes the results of only the uncontrolled lighting fixtures.  As expected, the coincidence factors are a little higher due to the removal of controlled fixtures from the sample, and the counts are lower.  Even with reduced sample counts, however, the error bounds were generally improved (reduced).  This was due to reductions in the Cv that were significant enough to offset the reduced sample counts.  For example, the % Error in the 4 hour window for “University/College” dropped from 9.2% to 8.5%, while the sample count dropped from 81 to 75.

Results of this table should be applied if lighting fixture retrofits are to be considered independently of occupancy sensor retrofits in the program Tracking System.
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Building Type Count Max. Use CF, Sumr CF, Wintr Cv, Sumr % Error

Grocery 29 99% 0.98 0.78 0.06 1.9%

Manufacturing 97 86% 0.78 0.47 0.36 6.0%

Hospital 50 84% 0.78 0.60 0.38 8.9%

Office 173 80% 0.77 0.58 0.42 5.2%

Other 116 68% 0.60 0.50 0.59 9.0%

Retail 81 93% 0.90 0.74 0.23 4.2%

University/College 75 75% 0.69 0.51 0.45 8.5%

Warehouse 43 84% 0.77 0.47 0.32 8.1%

All Exc. Sch. 664 81% 0.76 0.56 0.41 2.6%

School, Elem 129 75% 0.39 0.41 0.41 6.0%

School, High 114 90% 0.56 0.60 0.39 6.1%

All Schools 243 82% 0.47 0.50 0.41 4.3%

All Bldgs Without OS 907 81% 0.68 0.55 0.42 2.3%
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[image: image15.emf]Spaces without Occupancy Sensors 2 Hr Extreme Summer Peak, 3-5 PM

Building Type Count Max. Use CF, Sumr CF, Wintr Cv, Sumr % Error

Grocery 29 99% 0.97 0.78 0.08 2.5%

Manufacturing 97 86% 0.71 0.47 0.44 7.4%

Hospital 50 84% 0.74 0.60 0.45 10.4%

Office 173 80% 0.74 0.58 0.46 5.7%

Other 116 68% 0.57 0.50 0.64 9.9%

Retail 81 93% 0.88 0.74 0.27 4.9%

University/College 75 75% 0.65 0.51 0.51 9.7%

Warehouse 43 84% 0.72 0.47 0.39 9.9%

All Exc. Sch. 664 81% 0.72 0.56 0.46 2.9%

School, Elem 129 75% 0.32 0.41 0.61 8.8%

School, High 114 90% 0.47 0.60 0.61 9.4%

All Schools 243 82% 0.39 0.50 0.62 6.5%

All Bldgs Without OS 907 81% 0.63 0.55 0.51 2.8%


Table 2:  Lighting Results from Uncontrolled Fixture Logger Profiles

The next graph shows the uncontrolled hourly lighting fixture usage profiles, where the differences from the previous graph are subtle due to the relatively low percentages of controlled profiles that were removed.  The most evident change occurred with Hospital buildings where the “Max. Use” jumped from 66% to 84%.  Sample counts for “Hospital” dropped from 109 to 50 because the number of controlled fixtures logged (59) exceeded those that were uncontrolled.
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Figure 2:  Hourly Lighting Profiles for Uncontrolled Fixtures

Overall, there were 188 logger profiles identified with occupancy sensors controlling the monitored lighting fixtures.  This was enough to yield error bounds of 7.5% for all buildings and 8.8% for all except schools, but not enough to subdivide any finer with acceptable error bounds.

The next table shows the results of these 188 controlled fixture profiles.  Individual building results vary significantly in their sample counts, and there were no data for “Retail” and “Warehouse” buildings.  Results for “Grocery”, “School, Elem” and even “University/College” should be considered unreliable due to low sample counts, and “Manufacturing” with 12 profiles is questionable.  Statistical results for the other building types are reliable enough, even though their error bounds exceed 10%.

Occupancy sensors have a profound effect on coincidence factors, as evident in the table.  This table is different form the other two similar tables, with three new rows added at the bottom.  The other tables depict coincidence factors for both usage and savings, because only a change in lighting efficiency was achieved by the retrofits, and the savings profiles are the same as the usage profiles, assuming there are no significant interactive savings/losses through the cooling and heating systems serving these spaces.

Savings due to occupancy sensors had to be calculated by hourly subtraction of the load profiles of controlled fixtures from those of uncontrolled fixtures.  Hence, the resulting savings load profiles are not very intuitive, especially for schools, as may be seen in the graph of Figure 3:  Hourly Lighting Profiles for Controlled Fixtures, on page 18.
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Building Type Count Max. Use CF, Sumr CF, Wintr Cv, Sumr % Error

Grocery 2 72% 0.61 0.38 0.22 25.2%

Manufacturing 12 71% 0.53 0.22 0.65 30.7%

Hospital 59 56% 0.53 0.39 0.59 12.5%

Office 42 52% 0.46 0.22 0.56 14.2%

Other 25 41% 0.35 0.24 0.91 30.0%

Retail 0

University/College 6 27% 0.19 0.08 0.67 44.8%

Warehouse 0

All Exc. Sch. 146 51% 0.47 0.29 0.65 8.8%

School, Elem 2 27% 0.08 0.22 0.35 41.0%

School, High 40 77% 0.38 0.26 0.50 13.0%

All Schools 42 75% 0.36 0.26 0.54 13.6%

All Bldgs With OS 188 56% 0.44 0.28 0.62 7.5%

OS Sav, All Exc Sch 146 51% 0.29 0.28 0.98 8.8%

OS Sav, Schools 42 75% 0.15 0.21 0.78 13.6%

OS Sav, All 188 56% 0.26 0.26 0.60 7.5%


[image: image18.emf]Spaces with Occupancy Sensors 2 Hr Extreme Summer Peak, 3-5 PM

Building Type Count Max. Use CF, Sumr CF, Wintr Cv, Sumr % Error

Grocery 2 72% 0.56 0.38 0.32 37.7%

Manufacturing 12 71% 0.47 0.22 0.71 33.7%

Hospital 59 56% 0.52 0.39 0.61 13.1%

Office 42 52% 0.44 0.22 0.57 14.5%

Other 25 41% 0.32 0.24 0.98 32.1%

Retail 0

University/College 6 27% 0.18 0.08 0.46 31.2%

Warehouse 0

All Exc. Sch. 146 51% 0.44 0.29 0.68 9.2%

School, Elem 2 27% 0.05 0.22 1.16 135.1%

School, High 40 77% 0.24 0.26 0.92 24.0%

All Schools 42 75% 0.23 0.26 0.95 24.1%

All Bldgs With OS 188 56% 0.40 0.28 0.74 8.8%

OS Sav, All Exc Sch 146 51% 0.28 0.28 0.97 9.2%

OS Sav, Schools 42 75% 0.19 0.21 0.74 24.1%

OS Sav, All 188 56% 0.26 0.26 0.57 8.8%


Table 3:  Lighting Results from Occupancy Sensor Controlled Fixtures

Reliable estimation of the interactive effects for lighting impact coincidence factors would require careful and rigorous hourly accounting of lighting load reductions, HVAC operating schedules and strategies, individual space cooling and heating loads and building mass (to account for thermal lag of the lighting power usage), among other variables.  This depth of analysis is not within the scope of this task but RLW estimates that the average increase in demand reduction will be in the range of 15% to 30% for air conditioned spaces, depending on cooling system efficiency.  Winter demand reductions would be significantly smaller for spaces with electric heat, on the order of 35% for heat pumps and 80% for strip heat.

Since there are no individual load profiles for savings due to occupancy sensors, the sample counts, Cv and error bounds are those of the smaller samples (those with occupancy sensors).

The following graph shows the hourly usage profiles for the building types with occupancy sensors.  The effect is profound for all building types, as can be seen by comparing this graph with the previous one without occupancy sensors.
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Figure 3:  Hourly Lighting Profiles for Controlled Fixtures

Hourly savings due to lighting occupancy sensors can be seen in the next graph, which shows hourly usage profiles for all loggers without sensors, all those with sensors, and the differences, or savings.  Savings are shown for “All Exc Sch”, “Schools” and “All” buildings.

The occupancy sensor savings are somewhat flatter than expected, and those for schools show a significant drop during the mid-morning hours ending at 8 and 9 AM.  With 42 logger profiles in a variety of spaces, it is unlikely that this drop is due totally to sampling error, so it must be due to the way schools, and especially high schools, utilize these lights.
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Figure 4:  Hourly Lighting Usage and Savings for Occupancy Sensors

To summarize the Task 1 lighting coincidence factor analysis results, the following table shows CF for savings due to uncontrolled and occupancy sensor controlled lighting fixtures for all building types except schools, then all schools and all buildings combined.
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Table 4:  Coincidence Factor Summary Table for Lighting Savings

Non-Lighting Coincidence Factors

Non-lighting measures across programs were identified by the following categories:

· Unitary AC

· Unitary heat pumps

· Water and ground source heat pumps

· Dual enthalpy controls

· HVAC: VFD

· High/Premium efficiency and ECM motors

· Dry type transformers

RLW was able to find meaningful load profiles for the Unitary AC, HVAC: VFD and High/Premium efficiency and ECM motors.  The list of measures not included in the results due to lack of existing data is as follows:

· Unitary heat pumps

· Water and ground source heat pumps

· Dual enthalpy controls

· Dry type transformers

The end of this section offers some insights into demand reductions and coincidence factors for these measures.

The non-lighting coincidence factors of this study are based on savings, and not usage load profiles whenever these load profiles may differ significantly in shape.  In the case of unitary AC and efficient motors (as it was with uncontrolled lighting fixtures), these load profiles are nearly proportional, reflecting only changes in operating efficiencies.  In this study, variations in efficiencies over the operating ranges of the equipment were naturally accounted for because metered end-use data were utilized.

With the VFD measures, the applicable load profiles had to reflect hourly savings.  Hence, the VFD load profiles for this study came from project evaluations that utilized metered post-installation data and estimated baseline equipment operating loads to calculate savings.

In the following table, HVAC: VFD has been subdivided into Pumps (Cooling and Other) and Fans (AHU, or Air Handling Units, and CT, or Cooling Towers).  The results of combining all VFDs, however, are also included in the table.

Efficient Motors are subdivided between cooling and heating applications due to the extreme differences in their summer and winter coincidence factors.  Combining these into a single measure would result in misleading conclusions without knowing the correct weighting factors for the two subgroups.  Many program applications of premium efficiency motors also involved the application of VFDs.  Those were not included in the load profiles used for this measure.

The counts of load profiles in this analysis do not reliably represent relative proportions of these measures in any program mix of projects, because many of the projects done by RLW over the past few years employed bin table analyses or other approaches that did not provide useful savings load shapes for this study.  A total of 76 applicable load profiles were found and processed.
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Table 5:  Coincidence Factor Summary Table for Non-Lighting Savings

Summer peaks and coincidence factors apply only to the summer months of June, July and August, or for July and August, as indicated.  The peak loads may occur at any time during the year, including weekends, but the 2 hour and 4 hour CF may occur only on weekdays during the hours of 3 to 5 PM or 1 to 5 PM, respectively, on the “Hottest” weekday or during the months indicated.

In this study, Hartford TMY2 weather was used as a typical weather year, and the extreme peak window occurs in this file on August 2, which is, by choice of reference year 1995, a Wednesday.  All load profiles used in this study were adjusted to line up with this somewhat arbitrary time frame for defining weekdays and weekends.  Any other reference year with the “Hottest” and “Coldest” days falling on a weekday would have been acceptable for the sake of analysis, because the TMY2 data simply cover a typical weather period of January 1 through December 31.

The “Avg. CF, June-August” is the ratio of the 4 hour or the 2 hour average peak kW over all weekdays in this period and the connected load kW.  The same is true for the July-August results.  Whether June-August or July-August are the summer months of interest, the “Hottest” day still occurs on August 2.

Information on summer and winter peaks and coincidence factors is presented separately, and statistical error bounds were calculated for each, even though the defining target precision of 10% was based only on the 2-hour extreme summer coincidence factors.

Although the summer precision estimate (“Error Bound @ 90% Confidence”) for VFD All (all Pumps and Fans) is close, at 14%, the only measure that meets the target error of 10% is Efficient Motors for Cooling applications.  The 15% error estimate for Unitary AC may not be fully reliable due to the small sample size of 7 load shapes, most of which came from a single project.

Review of Other Studies and Reports
RLW found and reviewed several reports and conference papers that refer to coincidence factors or demand reductions, but none of these is able to offer any new relevant information to this study.  Most of these studies employed DOE2 analyses with residential and C&I buildings to estimate demand and energy savings for lighting and a few HVAC measures.  Other reports offered only general estimates of coincidence factors or cooling/heating interaction factors, employing global numbers that did not vary by building type or measure.

The DOE2 reports offering more rigorous demand and/or coincidence factor estimates, unfortunately, employed demand periods and coincidence factor definitions that were different in several respects from those of interest to this study.  For instance, the climates were different, the measures were different, and the demand windows for coincidence were varied and different.

Comments on Measures not Fully Evaluated:

Unitary heat pumps:  Summer coincidence factors (CF) for this measure will be the same as those for Unitary AC if the equipment sizing strategies are the same.  These will also have significant winter season savings if the baseline is electric strip heat or a lower efficiency heat pump.  
Water and ground source heat pumps:  Summer CF for these will probably be a little higher than those for Unitary AC applications because their load profiles will typically be flatter.  This is due to their more nearly constant heat sink temperatures.  Equipment sizing strategies for these may also be somewhat more stringent, leading to even higher CF.  These will also have significant winter season savings if the baseline is electric strip heat, or, to a lesser degree, an equivalent unitary (understood to mean air source) heat pump.
Dual enthalpy controls:  It is evident that dual enthalpy controls may have winter demand impacts, but no summer peak day impacts, because they are designed to furnish free cooling only when the ambient enthalpy is below the return air enthalpy, and that is significantly below the ambient enthalpies on the hottest days.  Hence, the summer 4 hour and summer 2 hour extreme savings CF for these, if they could be defined, will always be zero.  Intuitively, the seasonal average CF for June-August and for July-August will be relatively small, and the winter extreme and average savings CF, on average, could be significant.  Maximum savings occur when the outside enthalpy is slightly below the inside enthalpy, typically at night and during the spring and fall when utility system loads are also relatively low.

This is a controls measure that does not achieve savings directly, but only indirectly by affecting the operation of the space cooling system of a building.  As such, there is not always a clear “connected load” to be used in defining a coincidence factor.  Also, the difficulty of establishing a “peak” load to base a coincidence factor on may be formidable because the cooling system affected may consist of multiple air handling units, water chillers and pumps, and the peak cooling load on the air handler this measure controls may not be easy to isolate and calculate.  Therefore, RLW recommends that this measure and other similar measures not be included in a coincidence factor approach to estimating demand reductions.

Dry type transformers:  RLW could find little supporting data to estimate CF for this measure.  Demand impacts depend heavily on the specific application of these, and the overall diversity may be significant.  The “UI and CL&P Program Savings Documentation for 2006 Program Year” (PSD) provides a table of average energy savings for this measure based on EPA’s energy-efficient transformer software, which was used to calculate average savings from transformers based on size.  Then the PSD uses the energy savings from this table divided by 8,760 (hours per year) to estimate demand reductions.

Other sources indicate that these demand reductions estimates may be overly conservative for two reasons.  Pacific Gas and Electric Company (PG&E) performed a report in September of 2000 entitled “Dry-type Transformers-Codes and Standards Enhancement (CASE) Study”, in which they cited efficiency improvements for dry-type transformers ranging from 1.3% for 25 kVA transformers to 0.4% for 1500 kVA transformers.  They also estimated that the average annual full load hours of use for these was 6,000 hours.

It appears from the data in the PSD table that the increases in efficiency may be less than half of those in the PG&E report.  This, combined with the PSD assumption of 8,760 hours per year, suggest that the PSD approach will significantly underestimate the energy and demand reductions estimates.

The PG&E study, boiled down to a simple regression function, yields demand and energy savings based on kVA, as follows:


kW = 0.0365*kVA^0.702

and
kWh = kW*6000

This function is valid over the range of 25 to 1500 kVA transformer sizes.

By comparison, the PSD savings for a 150 kVA transformer would be 4662 kWh (from the table), and 0.532 (4662/8760) kW, and the PG&E savings would be 1.23 kW and 7308 (1.23*6000) kWh.

Task 4: Residential Measure Coincidence Factors

This task was similar to Task 2, except it included only two residential measures, both of which involve space cooling.

Residential Split System AC, SEER 11 to SEER 14 Analysis

The approach that RLW utilized for this task involved existing DOE2 models and Hartford TMY2 weather data.  RLW has performed on-site split system AC performance studies that have observed and measured actual field performance characteristics of residential DX split system AC units in Massachusetts.  These characteristics, along with housing shell features and utility billing data, as well as rigorous end-use metered appliance and base load data, were applied to create and calibrate DOE2 models representing average New England residences for both natural gas and oil heating systems.

For this study these models were adapted to reflect split and packaged residential AC systems, as well as window and through-the-wall AC units subjected to local Hartford TMY2 weather conditions.  

The calculated connected loads of these AC units and hourly results of these models were used to calculate the desired savings load profiles by running both baseline and retrofit AC systems in the average house models and subtracting the hourly kW.

The baseline AC system for the SEER 14 measure was an SEER 11 split system AC in the same house.  Variations in system efficiency due to operating loads and ambient and indoor temperatures, as well as thermal lag due to the mass of the structure, were theoretically accounted for in the DOE2 modeling algorithms.

The indoor temperature schedules utilized in the models were based on actual hourly indoor temperature data previously measured by RLW throughout Connecticut.  It was assumed, based on field observations, that 20% of these residences not only had, but utilized programmable thermostats, and the indoor temperature schedules reflected this effect in the averages (20% with and 80% without setback).

The average house for this model has 1570 square feet of conditioned space, an 80% efficient gas furnace and a 2.93 ton Central AC system.  Savings load profiles are shown in the next graph, where average hourly savings for June, July and August are plotted, and the peak day of August 2 is also plotted.  The hottest month overall is July, but the hottest day occurs in early August in the Hartford TMY2 weather file.  On that day the outside dry bulb temperature reached 99 degrees for 2 hours just prior to the coincident peak window.

Note that the savings for this measure are peaking through the hours of 3 and 6 PM, while the lighting and some HVAC measure savings (commercial measures) are ramping down.  This residential load, combined with the commercial loads, explains why the system loads remain fairly flat between 1 and 5 PM.
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Figure 5:  Hourly Savings Profiles for SEER 14 AC Systems

Results from the baseline and retrofit DOE2 runs are shown in the next table.  Characteristics of the SEER 11 unit and SEER 14 unit are listed, followed by the differences, or savings.  Everything varies with the efficiency of the AC unit, but, as expected, the coincidence factors vary the least.

The estimated summer savings CF is 0.74, and the winter savings CF is 0.00, as expected.  RLW did not attempt to estimate an error bound for this measure, but significant effort was directed toward creating the DOE2 model to accurately depict the entire house, as well as the AC system.

The resultant 4 hour summer hottest day CF for the impacts of this measure is 0.72, the 2 hour summer hottest day CF is 0.75, and the winter coldest day CF is zero.  The more important parameters are highlighted in bold text.
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SEER 11 SEER 14 Savings

Summer Coinc. Load kW 2.73 2.22 0.51
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Table 6:  Summary Table for Residential SEER 14 AC Savings

The average CF for the three months of June-August behave as anticipated, with slight increases occurring as the peak window period is reduced from three to two months and from 4 hours to 2 hours.  RLW did not attempt to calculate the average CF for the SEER 11 and SEER 14 average seasonal operating loads, so these cells are blanked out.  Theoretically they should be the same as the savings CF.

Residential Room/Window AC, EER 8.2 to EER 9.7 Analysis

Hourly savings and resultant coincidence factors for Energy Star window AC units were calculated in the same way as the central system measure, except the DOE2 models were programmed with EER 8.17 and EER 9.7 single package units, and the ductwork was deleted.  The main living areas on the first and second floors were air conditioned, as well as a portion of the basement using a 1.0 ton unit in the first floor living area, a 0.75 ton unit in the upstairs living area, and a 0.5 ton unit in the conditioned portion of the basement.  Combined capacity of all window units was 2.25 tons.

For what it is worth, in this model the heating system was changed to a hydronic baseboard system with an oil-fired boiler, because this is most typical of a New England home without central AC.

The next chart is similar to the previous one, but it is evident that the load profiles are flatter, and do not peak as high.  This is due to the fact that window units tend to run longer than central systems, because their oversizing ratio is typically lower.
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Figure 6:  Hourly Savings Profiles for Residential Window AC Savings

The summary table for this measure is shown below.  As expected, the equivalent full load hours are higher, indicating the longer run times for these units.  The resulting summer savings coincidence factor is 0.88 for the 4 hour peak and 0.89 for the 2 hour extreme peak windows.  The winter CF, again, is zero.

Again, the average CF for the three months of June-August behave as anticipated, with slight increases occurring as the peak window period is reduced from three to two months and from 4 hours to 2 hours.
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Connected Load kW 3.31 2.79 0.52

Maximum Annual Load kW 2.94 2.48 0.46

Summer Coinc. Load kW 2.93 2.47 0.46

Summer "Hottest Day" CF 0.89 0.89 0.89

Avg. 2 Hr CF, June-August. 0.33

Avg. 2 Hr CF, July-August. 0.40

Winter Coinc. Load kW 0.04 0.04 0.00

Winter "Coldest Day" CF

0.01 0.02 0.00

Avg. 2 Hr CF, Dec - Feb 0.00

2 Hr Extreme Peaks, Summer 3-5 PM, Winter 5-7PM

 

EER 8.2 EER 9.7 Savings

Summer Coinc. Load kW 2.87 2.42 0.45

Summer "Hottest Day" CF 0.87 0.87 0.88

Avg. 4 Hr CF, June-August. 0.32

Avg. 4 Hr CF, July-August. 0.39

4 Hr Summer Peak = 1-5 PM

 


Table 7:  Summary Table for Residential Window AC Savings

5 Methodology for Calculating Demand Reductions for Custom Measures

Assumptions:  A utility-wide system summer peak will typically happen on a weekday during or immediately following the hottest days of the summer.  Typically the utility system peaks somewhere between 1 and 5 PM on such a day.  

Measures may be lumped into two significantly different categories: 

1.) Temperature dependent (HVAC measures that vary with ambient temperature)

2.) Measures that are not temperature dependent (process, lighting, time control)

Temperature dependent Measures:

The methodology used to determine the demand savings for temperature dependent measures will depend on the type of analysis used to estimate the savings.  Savings from temperature dependent measures are typically determined by either full load hour analysis, bin temperature analysis, or a detailed computer simulation.  The following will be the procedure used to estimate the demand reductions for these measures:

An appropriately derived coincidence factor, such as those in this study, will be used for a measure that has a connected load that can be determined from rated or nameplate data.  Demand reductions will be the connected load kW times the appropriate coincidence factor.

The demand (kW) reduction estimated for the highest temperature bin will be used for the demand reduction when a bin temperature analysis is used to calculate the energy savings and the appropriate coincidence factor is not available.

The demand reduction estimated by the computer simulation between 1 and 5 PM for the hottest day (defined as the day with the highest average enthalpy over the 1 to 5 PM window) will be used as the demand reduction when a computer simulation is being used to estimate energy savings.

Non-Temperature dependent Measures:

Demand reductions for measures that are not temperature dependent will be determined by either the coincidence factors from this study or the average estimated reduction over the summer hours from 1 to 5 PM.  For example, for a process VFD measure, the savings will depend on cycling of the load.  This cycling may occur many times during an hour.  If the process is operating between 1 and 5 PM during the summer, the average demand reduction will be ((annual kWh savings)/(annual equivalent full load hours of operation)).  If the process is operated only a portion of that time period the demand reduction will be prorated based on that portion.  

Addendum:  Examination of Demand Weighted Averages for CF.

As an addendum to this study RLW was asked to identify lighting connected load kW for two important building types for as many loggers as possible and examine the effects of weight-averaging the logger profiles by the kW they represented.  By this, it would be possible to see if demand weighting of the logger profiles made any significant differences in the resulting CF.  It was also hoped that it would become clear which averaging method would yield results that are most appropriate to use for utility program demand analyses.  The following table shows the results of this exercise.
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Type

Type of Average

CF, 3-5 

Summer

CF, 5-7 

Winter

Logger 

Count

Site 

Count

Logger kW Weighted 0.71 0.53

Site kW Weighted 0.60 0.46

Simple Average of Loggers 0.60 0.47

Logger kW Weighted 0.75 0.65

Site kW Weighted 0.68 0.57

Simple Average of Loggers 0.65 0.50

107

187

5

36

Hospital

Office


Table 8:  Summary of Weighting Results for Hospital and Office Buildings
The two building types examined were “Hospital” and “Office”, and RLW chose to show averaged results for three different weighting schemes.  The resulting 2-hour peak Summer and Winter CF for each type of average are shown in the third and fourth columns.  The last two columns show the logger counts and number of sites that were available for the analyses. 

Of 109 logger profiles for five different hospitals, RLW identified the connected kW for 107.  Connected kW for only 187 of 215 logger profiles were identified for the 36 office buildings.  Hence, the simple averages of these loggers do not agree exactly with those of the larger samples, but the differences are small (the larger sample averages may be seen in Table 1:  Lighting Results for All Logger Profiles, in the body of this report).

In every case, the logger kW weighted averages are larger than those of the other averaging schemes.  The site weighted averages came out much closer to the simple averages.  Site weighted averages were based on the total kW and the average hourly lighting usage for each site.

To assess which averaging scheme would be most appropriate for application to utility conservation program demand analyses, RLW decided to examine the data in more detail.  The following two tables show how the available loggers were allocated to different spaces within each building type.  The first column identifies the space types, then the connected kW for each, followed by the Summer and Winter peak day coincidence factors and the logger counts.

The connected kW represent program lighting retrofit kW, and not necessarily the kW “seen” by each logger.  Some of the loggers were “looking at” a sample of the spaces they were utilized to represent in the impact analyses.  For example, whereas all restrooms at a given site may have had lighting retrofits, RLW installed loggers in a representative sampling of these, but the connected kW in the table represents all the retrofitted restrooms.
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Space Type

Connected 

kW

CF, Summer     

3-5 PM

CF, Winter     

5-7 PM

Count of 

Loggers

records 13.8 1.000 1.000 2

pharmacy 0.4 0.997 0.623 1

cafeteria 7.1 0.983 0.948 3

lobby 19.0 0.971 0.801 2

specialty 49.1 0.968 0.934 2

corridor 123.2 0.962 0.846 8

kitchen 7.9 0.948 0.420 2

nurse station 6.7 0.914 0.802 2

dining room 0.2 0.900 0.877 1

lounge 34.7 0.862 0.700 5

reception 10.1 0.838 0.649 4

laboratory 9.2 0.796 0.750 3

locker room 3.0 0.776 0.443 1

radiology 0.7 0.768 0.010 1

conference room 21.8 0.647 0.530 7

storage 33.3 0.581 0.439 7

private office 159.9 0.515 0.211 12

open office 63.0 0.503 0.510 4

therapy 2.9 0.472 0.173 1

exam 34.8 0.466 0.205 6

mechanical room 34.3 0.458 0.422 8

utility 6.9 0.415 0.349 7

parking garage 8.2 0.413 0.800 3

exterior 3.3 0.250 0.500 1

restroom 20.4 0.246 0.190 11

patient room 23.0 0.216 0.165 5

Total/Average 696.8 0.669 0.526 109


Table 9:  Breakdown of Lighting Spaces Monitored in Hospital Buildings
The rows in the tables are arranged in order of descending summer CF because this is the most significant variable.  By comparing the highest to the lowest values, it is clear that the range is significant, at 0.216 to 1.000 for hospitals and 0.000 to 1.000 for Office buildings.  Also, there are no significant “jumps”, or discontinuities from one space to the next.  These observations indicate that the CF and demand savings at any large facility with lighting retrofits in multiple space types may very greatly, depending on where the lighting retrofits are placed and how much power they save in each space type.
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Space Type

Connected 

kW

CF, Summer     

3-5 PM

CF, Winter     

5-7 PM

Count of 

Loggers

copy room 4.5 1.000 0.996 3

specialty 8.7 0.982 0.764 1

mail room 1.9 0.976 0.566 5

shipping/receiving 0.3 0.938 0.596 2

library 0.3 0.935 0.765 2

kitchen 9.9 0.932 0.758 5

safe 0.0 0.893 0.433 1

open office 191.0 0.892 0.765 33

lobby 32.2 0.890 0.531 11

entry 0.3 0.890 0.376 1

corridor 77.9 0.840 0.785 23

maintenance 23.0 0.837 0.815 4

restroom 22.2 0.791 0.640 4

Multiple 3.7 0.746 0.216 1

cafeteria 10.2 0.684 0.517 6

reception 3.3 0.652 0.534 5

break room 0.2 0.640 0.338 4

private office 213.6 0.559 0.296 60

storage 30.8 0.527 0.423 7

laboratory 29.5 0.442 0.429 8

conference room 38.3 0.384 0.255 17

mechanical room 2.2 0.288 0.271 4

classroom 1.7 0.226 0.065 3

meeting room 0.2 0.150 0.059 1

atm room 0.2 0.080 0.000 1

dining room 0.5 0.013 0.156 1

plan room 0.4 0.002 0.000 1

common area 3.9 0.000 0.051 1

Total/Average 710.8 0.707 0.542 215


Table 10:  Breakdown of Lighting Spaces Monitored in Office Buildings

It is no surprise that the more “common” areas (gray highlighting), such as corridors, eating areas and common working areas, in both building types generally yield the higher CF, and the more “private” areas, such as private offices, storage and mechanical rooms, yield the lower.  But these merely represent trends, and at some facilities these trends will not necessarily apply.

In conclusion, RLW recommends that the weighted CF results seen here for hospitals and office buildings be applied in the arena of lighting conservation program analyses, but no upward adjustments should be assumed for the other building types without a similar analysis for each.

For example, the ratio of summer peak day CF of the logger weighted average to the simple average for hospitals is 1.18 (0.71 / 0.60).  For office buildings this ratio is also significant, at about 1.15.  The corresponding simple average CF for “Grocery” is 0.95, and for “Retail” is 0.89, so if these numbers were increased by a factor of 1.15, the resulting CF for these two building types would both exceed unity.

RLW also believes that the mix of spaces and resulting demand reductions in any building type may vary significantly from year to year, thus yielding different results whether the data are weighted and averaged or simply averaged.  With a different mix of spaces, it is possible that the simple averages might be greater than the weighted averages.  On the other hand, the results of this study represent what actually happened over a general period of time for a mix of existing lighting programs, and, therefore, they are more likely than not to represent future trends.

Finally, RLW believes that, for conservation program applications, the most precise method of calculating CF from logger data is logger demand weighting, as long as the demand represented by each logger is the retrofitted lighting they represent as opposed to the sample they actually “see”.  This is the most direct and precise measure of what actually took place.  On the other hand, these results should not be misconstrued to represent the average CF for all existing lights at any given facility type, because conservation program retrofits are not designed to capture representative samples of all the existing lights.
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